Hes1 regulates the number and anterior-posterior patterning of mesencephalic dopaminergic neurons at the mid/hindbrain boundary (isthmus).
The lack of the Hes1 gene leads to the failure of cranial neurulation due to the premature onset of neural differentiation. Hes1 homozygous null mutant mice displayed a neural tube closure defect, and exencephaly was induced at the mid/hindbrain boundary. In the mutant mesencephalon, the roof plate was not formed and therefore the ventricular zone showing cell proliferation was displaced to the brain surface. Furthermore, the telencephalon and ventral diencephalon were defective. Despite the severe defects of neurogenesis in null mutants, the mesencephalic dopaminergic (mesDA) neurons were specified at the midline of the ventral mesencephalon in close proximity to two important signal centers - floor plate and mid/hindbrain boundary (i.e., the isthmic organizer). Using mesDA neuronal markers, tyrosine hydroxylase (TH) and Pitx3, the development of mesDA neurons was studied in Hes1 null mice and compared with that in the wild type. At early stages, between embryonic day (E) 11.5 and E12.5, mesDA neurons were more numerous in null mutants than in the wild type. From E13.5 onward, however, the cell number and fiber density of mesDA neurons were decreased in the mutants. Their distribution pattern was also different from that of the wild type. In particular, mesDA neurons grew dorsally and invaded the rostral hindbrain. 5-HT neurons were also ectopically located in the mutant midbrain. Thus, the loss of Hes1 resulted in disturbances in the inductive and repulsive activities of the isthmic organizer. It is proposed that Hes1 plays a role in regulating the location and density of mesDA neurons.